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SUMMARY 

Calculations from heat-penetration data and the destruction of spores 
of bacteria of known heat resistance have served to establish processes 
for the commercial canning of low-acid foods such as meats and vege- 
tables which are subject to spoilage by numerous types of facultative 
and anaerobic organisms including toxin-producing Clostridium botulinum. 
Home-canning processes generally recommended have been derived by 
the rather arbitrary extension of commercial processes. Since the home 
canner is accustomed to using glass jars and since home procedures and 
steam-pressure equipment differ from commercial, the processes have not 
been wholly satisfactory. Failure to consider the extra process value of 
the cooling period for glass jars, together with the practice of adding a 
large margin of safety to the process time, has resulted in home-canned 
low-acid products which were often overprocessed and unattractive. 

In the development of processes reported here for home canning of 
low-acid foods, essentially the same research techniques applied with 
success in the commercial field were employed. Heat-penetration data 
on meats and vegetables, prepared, packed, and processed under home- 
canning conditions have been obtained. Adequate processing times were 
computed on the basis of these data and on the heat resistance of Cam- 
eron's putrefactive a^iaerobe No. 3679, the spores of which are more 
resistant to heat than those of CL botulinum. Calculated processes were 
checked by experimental packs inoculated with spore suspensions of 
culture No. 3679. 

Exploratory work with meat was carried out with chunk pork at tem- 
peratures of 240° and 250° F., at different process times. From these 
data process times were estimated for an inoculated-p^ck study for proc- 
essing at 240° F. After incubation at 98.6° for at least 4 months, gross 
spoilage occurred among inoculated quart jars processed 60 minutes, 
some spoilage from an 80-minute process, and no spoilage from 90- and 
100-minute processes. No spoilage occurred among the uninoculated or 
control jars similarly treated. A total of 364 quart jars were processed 
to obtain the heat-penetration and inoculated-pack data for establishing 
the 90-minute process for pork. 

Heat-penetration data were obtained from a total of 74 containers to 
establish processes for other meats at 240° F. Equivalent processes for 
other containers were determined from the mean values and their stand- 
ard deviations calculated from heat-penetration data on 12 each of pint 
jars, No. 2 and No. 3 cans.   These processes were found to be 75, 65, 



and 90 minutes, respectively. Processes for beef and boned chicken in 
quart jars were found to be the same as that for pork. The equivalent 
process for chicken packed with the bone in quart jars was derived from 
heat-penetration data on 11 jars, and found to be 75 minutes at 240° F. 

Process times at 240° F. for 12 commonly canned vegetables were 
developed from heat-penetration and bacteriological data on 2,034 pint 
jars, and heat-penetration data on an additional 1,052 jars and over 700 
tin cans. These tests show that when foods are home canned in glass 
jars the long cooling periods required contribute significantly to the lethal 
values of processes. With vegetables in pint jars the sterihzing value of 
the cooling period averaged 50 percent of the total. In quart jars an 
average of 36 percent of the process value was contributed by the cooling 
period. In No. 2 and No. 2^ tin cans the corresponding averages were 

15 and 11 percent, respectively. 
Relatively high values of cooling periods for glass packs did not, how- 

ever, lead to generally shorter processes as compared with packs in tins. 
The exhaust given the latter before sealing resulted in higher initial tem- 
peratures which tended to balance the sterihzing value of the cooling 
period for processes in glass containers. 

The data obtained have permitted the recommendations of reduction 
in processes for vegetables in pint jars. With quart jars, lower initial 
temperatures and greater variability of heat-penetration data have made 
it necessary to recommend slightly longer processes in a few instances. 
Processes derived for packs in tin containers are in good agreement with 

those used commercially. 
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INTRODUCTION 

In the preservation of foods by canning the object of the process 
or heat treatment is to destroy or inactivate all organisms present 
which are capable of causing spoilage of the canned product under 
conditions existing within the sealed container during storage. This 
end is attained when the product is completely sterilized. For prac- 
tical purposes it may also be attained in the absence of complete 
sterility if surviving organisms are incapable of proliferating and caus- 
ing spoilage. Adequate processes must be based, then, upon the time- 
temperature relations necessary for destruction or inactivation of 
spoilage organisms in various types of products. 

1 Acknowledgment is made to Mary S. Shorb for early work on bacteriological 
problems, and to Sophie Marcuse for assistance in the statistical interpretation of 
results. Thanks are due to Olive Allen, Ruth Bergren, Katherine Ebner, Phyllis 
Greene, OHvia Hammerle, Alice Harkin, Grace Schopmeyer, Mabel Sterling, and 
Elizabeth Stokes for valuable assistance in the laboratory work. 
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In addition to destroying spoilage organisms the process serves to 
cook the food being canned. When prolonged, it brings about un- 
desirable changes such as the development of overcooked flavors, loss 
of characteristic texture, and excessive destruction of heat-labile 
nutrients. As a result, canning technologists have recognized the 
necessity for carefully planned studies designed to develop processes 
that are safe and at the same time have the minimum adverse effect 
upon quality of the canned food. 

While numerous types of organisms may cause spoilage of canned 
foods, only one, Clostridium botulinum, is significant as a heat-resist- 
ant, food-poisoning type. Since this organism exhibits a resistance 
to heat comparable to or greater than that of other common spoilage 
types, it has been accepted as axiomatic by commercial processors 
and by a majority of those advising on home canning methods that all 
processes for low-acid products should fulfill the basic requirement of 
being adequate to destroy the spores of Cl, hotulinum, the most heat- 
resistant, food-poisoning type. 

Since the period 1918 to 1921, when attention was focused upon 
the problem by numerous outbreaks of botulism caused by commer- 
cially, canned products, the industry has recognized the prime impor- 
tance of canned-food-process studies. Its investigations have resulted 
in the development of processes which have practically eliminated 
botulism as a hazard from commercially canned products and reduced 
over-all spoilage to very low levels. 

Outbreaks of botulism caused by home-processed foods continue to 
occur at the rate of 10 to 12 per year. In a recent publication Esselen 
{12) has summarized reported outbreaks, pointing out that careless- 
ness and faulty canning techniques were largely responsible. 

Many investigations have been reported, such as those by Magoon 
and Culpepper \l9, 20), Thompson {27, 28), Bigelow and others (4), 
Burns {6), liancefield {18), Jackson {16), and Jackson and Olson {17). 
These findings have provided extensive information regarding the 
rates at which food in cans heats during processing and the effects of 
such factors as filling temperatures, pack weight, and fluidity, upon 
those rates. Simultaneously, Bigelow and Esty {5), Bigelow {3), 
Weiss {33, 34), Esty and Meyer {14), Dickson and others {11), Esty 
and Williams {15), and other bacteriologists were determining the 
thermal-death times of Cl. botulinum and of other canned food spoil- 
age organisms. 

Bigelow and others (4) first solved the problem of applying the 
above.type of bacteriological and physical data to the calculation of 
thermal processes for canned foods. Ball {1, 2) developed more 
flexible mathematical formulations for thermal-process calculations. 
Further modifications have been suggested by Olson and Stevens {23) 
and Schultz and Olson {24)- Calculated processes have been checked 
by experimental packs inoculated with bacterial spores of known heat 
resistance as described by Cameron (7) and Williams {35). 

For the most part, commercial processes are based upon techno- 
logical data relating to heat penetration in canned foods and the 
thermal resistance of spoilage organisms. In some instances, accord- 
ing to Cameron (S), where less information is available they are 
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based upon analogy with processes for similar products for which 
the information is adequate, or upon general experience of the indus- 
try. 

Home-canning processes now generally recommended are not so 
well founded. To a considerable extent they have been derived by 
the rather arbitrary extension of commercial processes. This practice 
does not take into consideration that home and commiercial canning 
equipment and methods differ greatly and that such differences are 
reflected in the sterilizing values of processes. Slower heating and 
cooling times with home-canning processes represent probably the 
greatest difference. Foods home canned in glass containers under 
steam pressure take a long time to cool, which adds to the lethal 
value of the process. 

Recent studies on home-canning processes have been reported by 
Nelson and Berrigan (21), Nelson and Knowles (22), and Cover, 
Turk, and Kerns (10). In the two latter reports the increased steri- 
lizing effect resulting from slow cooling in glass jars was recognized. 
Esselen and Tischer (13) reported home-canning studies in two 
instances of which processes calculated from thermal-death-time and 
heat-penet^ration data were checked by inoculated packs. In spite 
of the fact that the initial temperatures of the foods canned in these 
experiments were low and the pressure canner and water were cold at 
the start, the results indicated that home-canning processes at 240° 
F. which have been generally recommended for many foods may be 
more severe than necessary. 

The studies reported here were undertaken to gather sufíicient 
information on which to base scientifically sound home-canning 
processes. Heat-penetration data for meats, poultry, and the com- 
monly canned vegetables have been obtained in experiments in 
which home-canning procedures and equipment were used. These 
data have been combined with thermal-death-time data for the com- 
putation of adequate thermal processes. Inoculated packs have 
been used to check the calculated process times. 

GENERAL METHOD FOR CALCULATION OF PROCESS 
VALUES 

The general method for calculation of process values is derived 
from relating time and temperature data given by the thermal-death- 
time curve of the spoilage organism and the heating-cooling curve of 
the container of food. 

THERMAL-DEATH-TIME CURVE 

A thermal-death-time curve is constructed by plotting on the 
logarithmic scale of semilogarithmic paper the time in minutes re- 
quired to destroy the orgaDism against temperature on the linear 
scale (fig. 1). Bigelow (3) noted that thermal-death-time data 
plotted in this manner yielded curves in which the relation between 
temperature and logarithm of killing time was, for practical pur- 
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poses, approximately linear.    Ball {2) introduced the use of the fol- 
lowing symbols to describe such thermal-death-time curves: 

F=the time in minutes required to destroy the organism at 250° F. 
2= the slope of the thermal-death-time curve expressed as the abscissa interval 

in  degrees  Fahrenheit intercepted by the line in  passing through one 
logarithmic cycle on semilogarithmic paper. 

The curve can be reconstructed  using these  two  factors.    For 
CZ. botulinum in neutral phosphate with a concentration of 30,000 
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FIGURE 1.—Ideal thermal-death-time curve for Clostridium botulinum in neutral 
phosphate buffer. 

million spores per milliliter, Esty and Meyer (14) reported data which 
gave a thermal-death-time curve from which values of F—2.7S and 
2=18 were later derived. Substantiation of these data with slight 
corrections was observed by Townsend, Esty, and Baselt (30), Their 
results indicated that the ideal thermal-death-time curve for GL. 
botulinum in neutral phosphate is more accurately defined by F and z 
values of 2.45 and 17.6, respectively. Since the values derived from 
the data of Esty and Meyer have been generally used in canned-food- 
process studies, they have been used without the later corrections for 
determining processes reported here. 
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LETHAL RATE 

The lethal rate at any given temperature is the ratio of the time in 
minutes required to destroy an organism at 250° F. to the time in 
minutes required to destroy it at the given temperature. This r^^tio 
is known as Fjt. From the thermal-death-time curve (fig. 1) à simple 
geometric relationship between the sides of similar right angle triangles 

1 ,_    .1             .•      log i-log F   250-T „        •    . ,   ,_ IS expressed by the equation     ^^     ^^—= — from which log 

~=^^—±-. Given T in degrees Fahrenheit and z, the slope of the 
Jo z 

thermal-death-time curve, this equation can be solved for -^ from 

which the reciprocal, F¡t, can be found. Schultz and Olson (^4) 
gave tables of lethal rates at various temperatures calculated for differ- 
ent values of z. 

The lethal rates for s=18 are small at Fahrenheit temperatures 
near 200, but increase rapidly as the temperature approaches 250, as 
shown by the following tabulation: 
Temperature ' Temperature . ,    , 

•^F. Lethal rate °F. Lethal rate 
190 ' 0.00046 225  0.0409 
195              .00088 230  .0774 
200              .00167 235  .1468 
205            - --  .00316 240  .2783 
210               .0060 245 -__ .5275 
215      -  .0114 250  1.0000 
220  . 0215 

HEATING AND COOLING CURVES 

During the processing of a container of food, the temperature in- 
creases to a maximum and then decreases on cooling. To illustrate this, 
a heating-cooling curve may be constructed by plotting temperature 
against time on coordinate paper (fig. 2). In this bulletin the initial 
temperature (To) is defined as the temperature attained by the food 
when the temperature in the steam-pressure canner reaches 240° F. 
and counting of process time begins. Initial temperature is thus 
distinguished from packing temperature and sealing temperature. 

LETHAL RATES AND PROCESS VALUES 

It is not essential to construct a heating-cooling curve in order to 
calculate process values from heat-penetration data. The tempera- 
ture-time data are arranged as illustrated in table 1. For each tem- 
perature of the food at definite time intervals, the lethal value, F/t, 
for that temperature is entered in the table. A lethahty curve is 
constructed by plotting lethal value against time on coordinate paper, 
as shown in figure 3. The area under the lethality curve may be 
determined by counting squares or by measuring with a planimeter, 
as shown in figure 4. This area represents the total lethal value of the 
heating-cooling period.    It is designated as Fo and is a mea^sure of 

717161°—4Ö 2 
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FIGURE 3.—Lethality curve for snap beans processed at 240° F. in a pint jar. 
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FIGURE 4.—A polar planimeter is used to measure the area under the lethality 
curve. 

the lethal value of the process, hereafter referred to as the process 
value. The area under the lethality curve in square inches represents 
the lethal value of the process directly in terms of FQ if the scale of the 
figure is such that the product of the time and the sterilizing value of 
1 square inch equals 1. An adequate process is one yielding an FQ 
equivalent to the F value of the spoilage organism which the process 
is designed to destroy. 

TABLE 1.—Jar temperatures and lethal rat 
of green beans 

es during processing 
in a pint jar 

at 2Jfi° F. and cooling 

Time Tempéra- 
ture Lethal rate Time Tempera- 

ture Lethal rate 

Minutes 
—15         

°F. 
194 
203 
211 
222 
234 
237 
239 
240 
237 
236 

Fit 
0. 0008 
.0024 
. 0068 
.0278 
. 1290 
. 1900 
. 2450 
.2783 
.1900 
.1670 

Minutes 
36  
40  
45  
50  
56  
60  
66  
70- -    
75-   
80    

"F. 
233 
228 
226 
222 
220 
211 
204 
194 
187 
181 

Fit 
0. 1140 

—10                      ._. .0600 
-6   . 0409 
0>  
8  
10         

.0278 

.0215 

.0068 
15                         . 0028 
20          .0008 
26           -              -- .0003 
30  .0001 

1 0 indicates the beginning of processing time (time when canner reaches 240 °F.). 

From the lethality curve (fig. 3) values of process times shorter 
than the one illustrated may be found by transposing the cooling 
curve to the left until it intersects the heating curve at the new process- 
time vertical and measuring the area under the new figure. Time 
and effort may be saved by simply meastiring the area tmder the heating 
curve to the left of the process-time vertical to obtain FH, the value 
of the heating period, and the area to the right of an equivalent 
vertical under the cooling curve to obtain Fc, the value of the cooling 
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period, without transposing the curve. The sum of FH and Fc rep- 
resents Foj the total value of the process. 
• The process values for shorter periods interpolated frora experi- 
mental data are subject to error when an attempt is made to apply 
the method over too great a range in process times. Experimentally, 
the curve for short process times shows that the temperature of the 
food may remain constant for some minutes or increase slightly 
before cooling.    This would add to the area under the curve and in- 

te 
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CO 
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FIGURE 5.—Average process value-process time curve for snap beans processed in 
pint jars at 240° F. 

crease the value of the process. With this increment unaccounted 
for, the tendency is to obtain longer process times than may be re- 
quired for a given process value. However, this is more desirable 
than if the reverse were true, since it tends to yield a greater«margin 
of safety. 

When the temperature of the food in the container has reached the 
canner temperature (240° F.), values of longer processes may be 
obtained by adding 0.278 (^=18) for each additional minute of the 
process time. 

DETERMINATION OF PROCESS TIMES FOR SPECIFIC FOODS 

A lethality curve is constructed for each container of food at each 
experimental process time. Process values are obtained for a mini- 
mum of three process periods.    A process value-process tijne curve. 
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such as is shown for snap beans (fig. 5), is constructed on coordinate 
paper by plotting Fo on the ordinate and process time on the abscissa. 
From this curve process times can be read for this food which will 
yield processes adequate to destroy any spoilage organism for which 
the thermal-death-time curve has a slope of z=l8 and a known F 
value. In a like manner, processes for other foods or for spoilage 
organisms with thermal-death-time curves defined by other z values 
can be computed. 

EXPERIMENTAL METHOD 

FOODS STUDIED 

Heat-penetration data have been obtained for processing of pork 
in quart and pint jars, and in No. 2 and No. 3 tin cans; beef and 
chicken in quart jars; 12 commonly canned vegetables—asparagus, 
lima beans, snap beans, beets, carrots, corn, okra, peas, pumpkin, 
spinach, summer squash, and sweetpotatoes—in quart and pint jars, 
and in No. 2 and No. 2}^ tin cans. 

Meats and poultry were obtained from the Bureau of Animal 
Industry at the Agricultural Research Center, Beltsville, Md., and 
from the commercial market. 

Vegetables were obtained from a local market while they were in 
season.    These included vegetables from many regions in the country. 

PREPARATION AND PACKING 

Methods of preparation and packing of the vegetables and meat 
followed procedures given in departmental publications AWI-93 
and AWI-110 (31j 82) except where preliminary work made changes 
seem advisable. (See Appendix, p. 27.) Within the restrictions of 
laboratory technique, all canning was done as nearly as possible as it 
would be in the home. 

The packed weights of precooked vegetables in pint jars and the 
drained weights after processing are given in table 2. 

TABLE 2.—Average packed weight and drained weight for vegetables in pint jars 

Product 

Average weight of—• 

Precooked 
vegetable 
packed 

Drained 
processed 
vegetable 

Asparagus   
Beans, lima-..  
Beans, snap   
Beets    
Carrots-—   
Okra, sliced   
Okra, whole  
Peas  
Pumpkin, cubed  
Pumpkin, mashed  
Spinach  
Squash, summer  
Sweetpotatoes, dry pack. 
Sweetpotatoes, wet pack 

Grams 
412 
291 
338 
374 
358 
267 
264 
288 
400 
458 
376 
414 
452 
385 

Orams 
361 
360 
349 
372 
377 

348 
367 

416 
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RATES OF HEAT PENETRATION 

Temperatures wore obtained by means of copper-constantan 
thermocouples placed in the containers of food at the center of the 
region which is slowest to heat. Thermocouples were connected to a 
recording potentiometer. The wires were 24-gauge, duplex enamel 
covered, and individually glass-wrapped. Thermocouples were made 
by twisting the two bare wires and soldering the junction, after which 
the twist was clipped short. The insulation near the junction was 
wrapped with linen thread and coated with lacquer. Thermocouple 
wires were sealed into the lid of the canner through a fixture containing 

^Éü^^ 
FIGURE 6.—Pressure canner on heat source, with temperature-measuring equip- 

ment assembled as used in the study. 

six stuffing boxes. A single stuffing box was made to lead the wires 
through a metal lid for each glass jar. Stuffing boxes were also used 
for leading wires into tin cans. Here the nut holding the device in 
place was soldered to the under side of the lid into which a hole of the 
proper size had been drilled. The threads were cleared with a tap so 
that the stuffing box could easily be screwed into the lid. In this way 
the thermocouple wire did not interfere with the operation of the 
can sealer. 

The sealing temperature of all tin containers was at least 170° F. 
Filled, unsealed cans, whether packed with hot or cold foods, were 
placed in a covered boiling water bath with the water level 2 inches 
below the top of the cans and heated until the temperature at the 
center reached 170°. Raw meat in g'lass containers was also treated 
in this manner. Glass jars packed with hot foods were placed in the 
canner without further heating. Thermocouples were screwed into 
the tops of tin cans or were placed in jars which were put immediately 
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in  the   canner.    The   arrangement  of   the  temperature-measuring 
equipment is shown in figure 6. i   i j    • 

Aluminum steam-pressure canners of the regular household size 
holding 16 pint jars, 7 quart jars, 16 No. 2 cans, or 10 No. 2% or No. 
3 cans were used for all processing. In each case a full load ol con- 
tainers was processed. All but quart containers were stacked m two 
tiers. Jars or cans with thermocouples were distributed so as to be 
in the center and at the side in each tier. 

The canner when loaded contained boiliug water. It was operated 
on a 2,000-watt unit connected through a variable transformer and 
wattmeter to register the energy input. After the hd had been last- 
ened and the canner temperature reached 212° F., the canner was 
exhausted for 10 minutes. Temperatures of the containers and the 
canner were recorded continuously from the time the hd was fastened 
Processing time was counted from the instant the canner reached 
240° A canner with pint or quart glass jars or No. 3 cans was 
removed from the heat source at the end of the process and allowed to 
cool at room temperature away from drafts. When the canner tem- 
perature reached 212°, the lid was removed and the glass jars placed 
on a table to continue to cool at room temperature. The cans were 
immersed in a pan of cold water. A canner with No 2 or JNo. 2/2 
tin containers was removed from the heat source at the end oí the 
processing time and the steam pressure released. All cans were 
removed immediately and immersed in a large pan of cold water, 
replenished to assure rapid cooling. The cans were rotated to hasten 
cooling. Recording of the temperature^ of the food withm aU con- 
tainers continued until it was below 190°. 

INOCULATED PACKS 

The inoculated packs were carried out essentially as outlined by 
Williams {35). For meat, quart jars packed with pork chunks were 
used The jars were the type having glass hds with rubber rings and 
wire-bail closures. For vegetables, all inoculated packâ were run m 
pint jars with metal closures. In interpreting the results oí the inocu- 
lated packs, the data on the survival or destruction of the test organism 
in pork in quart jars and vegetables in pint jars under defined process- 
ing conditions have been apphed to meats and vegetables m other 
sizes and types of containers. .   ,  .   , . ^ 

The test organism was putrefactive anaerobe No. 3679, isolatea py 
Cameron in 1927 in the laboratories of the National Canners Associa- 
tion (Townsend, Esty, and Baselt, 30), Since that time it has been 
widely used in canning laboratories as a test organism for evaluating 
the adequacy of calculated thermal processes for low-acid canned 
foods. At 250° F. in phosphate buffer at pH 7.0 the spores of this 
anaerobe exhibit a resistance to heat somewhat less than twice the 
maximum resistance reported for CL botulinum under the same condi- 
tions (30), and the slopes of the thermal-death-time curves of the two 
organisms are similar in such media. In most meat and vegetable 
products this organism grows readily with rapid gas production. 

Spore suspensions were prepared by growing No. 3679 m pork 
extract broth.    After incubation for 3 weeks, pork solids were removed 
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by filtration through chocsecloth and the spores concontrated by 
ccntrifugation. Vegetative cells were killed by heating suspensions 
at 185° F. for 10 minutes. Spore counts were made in deep agar in 
flat culture tubes. 

The heat resistance of spore suspensions was checked by thermal- 
death-time determinations using pyrex thermal-death-time tubes. 
Corrections of 0.85 minute were deducted from observed heating times 

FIGURE 7.—Inoculated and control jars of food under incubation at 86° F. 

to correct for heating lag (Sognefest and Benjamin, 25). In phos- 
phate buft'er, pll = 7.0, with spore concentrations of 100,000 per milh- 
liter, F and z values of 5.6 and 19.0, respectively, were determined. 

Appropriate dilutions of the prepared suspensions were made in 
sterile water for use in inoculating experimental packs. For the in- 
oculated-pack checks on meat processes, 1 ml. of suspension contain- 
ing approximately 30,000 spores was injected with a hypodermic 
needle into a chunk of pork located at the center of the jar. Vege- 
tables in pint jars were inoculated at the jar center with 1 ml. of a 
10,000 per milliliter spore suspension. 
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From preliminary heat-penetration data at least three processes 
were chosen for making the inoculated-pack check on each product 
studied. The shortest process was estimated to yield complete or 
gross spoilage after processing and incubation of inoculated jars and 
to serve as a check on the thermal resistance of the test suspension. 
The intermediate and longest processes were estimated to yield little 
and no spoilage, respectively. For each of the calculated processes 
the pack consisted of a minimum of 24 inoculated and 12 control jars. 
Meats were incubated at 98.6° F. and vegetables at 86° F. (fig. 7) for 
90 days or longer, during which time jars were checked daily for signs 
of spoilage.    Jars of vegetables which survived incubation were sub- 

FiciRE 8.—Jiaclniolonical examinai ¡on of jars of food after incubation to check 
for survival of spoilage organisms. 

cultured into appropriate media to check for survival of the test or- 
ganism   (fig.   8). 

PROCESSES FOR MEATS 

The mean process value and standard deviation for 26 jars of pork 
loin precooked in broth, and processed for 120 minutes at 250 F. 
by a modification of the method described by Stanley, Stienbargor, 
and Shank {26) were found to be 90.9 and 11.1, respectively, i^or 
26 jars of pork packed raw, exhausted, and processed 80 minutes at 
250° by the method described by Cover, Turk, and Kerns (^0), the 
mean process value was 48.6 and the standard deviation 11.2. ihe 
sterilizing values of these processes are much greater than required to 
destroy known spoilage organisms. 
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Keduction of the process temperature from 250° to 240° F. and 
processing pork loin in quart jars by the procedure described by Stan- 
ley, Stienbarger, and Shank (26) gave the results shown in table 3, 

TABLE 3.—Process values for pork loin processed at ^40° F. in quart jars 

Process time 
at 240° F. Jars 

Average 
process 
value 

Standard 
deviation 

Minutes 
135 
110 
100 

Number 
. 16 

6 
15 

Fo 
28 
17 
16 

3.1 
1.2 
4.4 

From these data process times were estimated for an inoculated 
pack study for processing at 240° F. Inoculated packs were processed 
60, 80, 90, and 100 minutes. Results of this work are given in table 4. 
After at least 4 months at 98.6° F. the inoculated and control jars 
were removed from the incubator and held at room temperature. 
All spoilage of inoculated jars occurred during the first month of 
incubation and none during an additional 18-month holding period 
at room temperature. No control jars spoiled. As expected from 
Fo values, gross spoilage occurred among the inoculated jars proc- 
essed 60 minutes, some spoilage among the jars processed 80 minutes, 
and no spoilage among the jars processed 90 and 100 minutes. 

TABLE 4.—Spoilage of jars of pork inoculated with 30,000 spores of putrefactive 
anaerobe No. 3679 per quart and of controls after processing in quart jars at 2^0° F. 
and incubating at 98.6° 

Process 
time at 
240° F. 

Process values Control jars Inoculated jars 

Jars Mean Range Standard 
deviation Total Spoiled Total Spoiled 

Minutes 
60 
80 
90 

100 

Number 
6 
7 
6 
7 

Fo 
4.6 
9.5 
9.7 

17.2 

2.3- 6.6 
5.4-12. 6 
5.9-10.4 

10.9-21. 8 

1.6 
2.6 
1.7 
4.1 

Number 
12 
14 
12 
14 

Number 
0 
0 
0 
0 

Number 
24 
27 
24 
27 

Number 
23 

4 
0 
0 

Heat-penetration data were obtained from 73 quart jars of pork 
processed for 90 minutes at 240° F. The calculated FQ values ranged 
from 5.9 to 21.6 with a mean of 15.0 and a standard deviation of 3.8. 
These values were tested for conformity to the normal distribution 
and found not to depart significantly from normality. In a normal 
distribution 99 percent of the items lie within mean plus or minus 
2.6 times the standard deviation. The probabihty of an item falling 
below mean minus 2.6 times the standard deviation is only 0.005. 
The experimental values for pork in quart jars were all within this 
range, the lower limit of which is 5.1. For this reason, the mean 
minus 2.6 times the standard deviation has been chosen as the lower 
limit of the range of data to be used for process calculations. 

Processes for meats are based on the previously noted inoculated 
packs and the experimentally determined process values (table 5). 
The latter data show that 90-minute processes for pork, beef, and 
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chicken without bone in quart jars yielded mean process values rang- 
ing from 12.6 to 21.3. In each case the Fo value derived by sub- 
tracting 2.6 times the standard deviation from the mean was 5.1 or 
higher. Since 5.1 is almost twice the F value of 2.8 for Cl. botulinum 
in neutral phosphate, the 90-minute processes may be considered as 
having wide margins of safety. They are also spoilage-free processes 
since inoculated packs processed 90 minutes at 240° F. yielded no 
spoilage. 

Processes recommended on the basis of these investigations are 
presented in table 6, along with those previously recommended by 
the United States Department of Agriculture. 

TABLE 5.—Process values for meat and poultry in different containers 

Product 

Beef  

Chicken  

Chicken, boned 

Pork  

Process 
time at 
240° F. 

Minutes 
90 
90 
75 
90 
70 
90 
70 
90 

Containers 

Kind 

Quart jars- 
_.-.do-_-- 
.___do  
____do_--- 
Pintjars_. 
Quart jars- 
No. 2 cans 
No. 3 cans 

Number 

Process values 

Mean Standard 
deviation 

Fo 
12.6 
21.3 
17.2 
17.7 
11.8 
15.0 
18.3 
16.2 

2.9 
4.1 
4.1 
3.6 
1.5 
3.8 
3.7 
2.1 

TABLE 6.—Process times at ^40^ F. for meat and chicken recommended from the 
reported data and those at 250° previously recommended by United States Depart- 
ment of Agriculture 

Product Container 

Processes 

Now rec- 
ommended 

Previously 
recom- 

mended 

Beef  
Chicken  
Chicken, boned- 

Pork _ 

Quart jars-- 
_.__do  
.—do  
Pint jars_._ 
Quart jars_. 
No. 2 cans_ 
No. 3 cans- 

Minutes at 
U0° F. 

90 
75 
90 
75 
90 
65 
90 

Minutes at 
260° F. 

120 
75 

120 
85 
120 
85 
120 

CALCULATION OF PROCESSES FOR VEGETABLES 
A somewhat different technique was employed in using heat- 

penetration and inoculated-pack data for the derivation of adequate 
processes for vegetables. With all of the experimental data obtained, 
it was observed that plotting of Fo values against process times 
indicated that the relationship between the two variables over the 
ranges investigated was approximately linear (fig. 5). 

In view of that observation, the linear regression line was fitted to 
the Fo-process-time data for each product, and its standard error of 
estimate computed. This line of regression is defined by the re- 
gression  equation, yr=a-]-hXj in which x equals the process time; 
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HJ the process value; a, the constant locating the line vertically; 
and 6, the slope of the line. A parallel line was then constructed at 
a distance of 2.6 times the standard error of estimate below the com- 
puted regression line (fig. 9). Assuming normal distribution of F o 
values as demonstrated for the meat processing data, the probability 
of an individual container yielding an FQ value falling below the 
lower line is only 0.005. Process times required to yield desired proc- 
ess  values  were  then read from the above curves as indicated in 

10 

f? 

3 

< 
> 

in 
UJ 
o 
o 
(T 
Q. 

10 20 30 

PROCESS        TIME      (MINUTES) 

FIGURE 9.—Regression of process value on process time for 240° F. processes of 
snap beans in pint jars; parallel constructed at 2.6 times the standard error of 
estimate below the regression line. 

figure 9. Minimum safe processes are given by the value of the 
Ordinate intersecting at 2.8 the curve showing the chosen lower 
limit of distribution of the data. These processes cannot, however, 
be recommended at present because of inadequate information 
regarding the thermal-death time of Cl. boiulinum in the various 
vegetable media. 

Values of the process times for pint jars of vegetables and the 
number of control and inoculated jars which spoiled on incubation 
appear in table 7. With one exception, none of the control jars 
spoiled, indicating that the spoilage observed among the inoculated 
jars was due to the survival and growth of the test organism and not 
to the fortuitous presence of other equally or more resistant organisms. 
The exception noted was in a jar of summer squash which spoiled 
after a 10-minute process at 240° F.    Since the average Fo value of 
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this process was only 2.2, spoilage organisms of moderate resistance 
might be expected to survive. Spoilage among the inoculated jars 
was approximately that anticipated from the Fo values of the process 
times used. Exceptions were noted in peas, lima beans, and corn, 
where spoilage occurred at Fo values greater than 5.0, and for snap 
beans and carrots, where no spoilage occurred at 3.9 and 3.0, respec- 
tively. These discrepancies were probably due to the variations in 
thermal-death times and the slopes of the thermal-death-time curves 
for the test organism in different vegetable media. (See Discus- 
sion,  p. 21.) 

TABLE 7.—Spoilage of vegetables inoculated with 10,000 spores of putrefactive anaerobe 
No. 3679 per pint and of controls, after processing in pint jars at 2^0° F. and 
incubating at 86° 

Process values 

Incu- 

Control  jars Inoculated jars 

Process 

Product 
time 

at 
240° F. 

Num- 
ber of 

estima- 
tions 

Mean 
value 

Stand- 
ard 

error 

bation 
at 

86° F. Total Spoil- 
ed Total Spoi led 

Min- Num- Num- Num- Num- Per- 
utes Fo Days ber ber ber ber cent 

Asparagus      -- 7 
14 8 

2.27 
4.18 

0.28 
.36 

100 
100 

12 
12 

0 
0 

27 
28 

26 
2 

96 
7 

30 12 9.32 .23 110 12 0 24 0 Ö 
Beans, lima  7 12 3.7 .17 120 12 0 36 36 100 

15 8 5.8 .27 125 12 0 27 13 48 
25 12 9.3 .19 175 12 0 24 0 0 

Beans, snap  8 1.74 .29 120 12 0 25 13 52 
13 8 3.91 .54 135 12 0 28 0 0 
20 12 7.14 .31 135 12 0 24 0 0 

Beets  5 8 2.1 .16 120 12 0 27 1 4 
10 9 2.7 .27 120 12 0 27 2 7 
15 11 5.4 .23 180 12 0 24 0 0 

Carrots  6 
9 

8 
8 

2.06 
3.04 

.36 

.32 
90 

110 
12 
12 

0 
0 

26 
28 

15 
0 

--58 
0 

15 9 5.46 .32 125 12 0 24 0 0 
Corn, cream-style.. 70 9 12.8 .77 118 12 0 27 0 0 

80 11 15.9 .32 155 12 0 24 0 0 
Corn, whole-grain... 20 9 5.5 .31 131 12 0 27 21 78 

30 9 7.8 .44 164 12 0 27 6 22 
40 12 10.9 .41 164 12 0 24 2 8 
50 9 15.0 .41 122 12 0 27 0 0 

Okra, sliced  5 9 2.3 .13 118 12 0 27 8 30 
10 9 3.5 .28 117 12 0 27 2 7 
20 12 6.5 .27 166 12 0 24 0 0 

Okra, whole  5 9 2.5 .14 120 12 0 27 18 67 
10 9 3.2 .34 121 12 0 27 3 11 

Peas  15 
25 

12 
8 

7.3 
7.5 

.18 

.41 
150 
125 

10 
14 

0 
0 

23 
36 

23 
1 

100 
3 

30 8 8.5 .27 130 12 0 27 0 0 
Pumpkin, cubed. ._ 20 9 3.0 .49 89 12 0 27 21 78 

30 8 4.6 .62 86 12 0 27 1 4 
50 12 8.6 .47 96 12 0 24. 0 0 

Pumpkin, mashed. 30 9 3.3 .53 81 12 0 27 4 15 
40 6 3.6 .11 80 11 0 26 1 4 
60 10 8.0 .42 90 12 0 24 0 0 

Spinach  25 13 2.15 .16 135 15 0 36 36 100 
30 8 2.46 .15 110 12 0 27 24 89 
35 7 4.41 .30 95 12 0 26 11 42 
38 8 5.03 .31 150 12 0 28 0 0 

Squash, summer. ._ 10 8 2.2 .29 157 12 1 ,   27 ,23 85 
15 9 3.5 .47 118 23 0 55 31 56 
20 11 5.6 .34 167 12 0 23 0 0 

Sweetpotatoes, dry 
pack  30 9 3.4 .39 123 12 0 27 4 15 

40 8 4.9 .29 120 12 0 27 0 0 
60 8 9.1 .54 120 12 0 27 0 0 
90 11 18.1 .45 131 12 0 26 1 4 

Sweetpotatoes, 
85 wet pack  25 

35 
9 
9 

2.4 
4.4 

.43 

.18 
130 
136 

12 
12 

0 
0 

27 
27 

23 
13 48 

45 12 5.7 .28 141 12 0 24 0 0 
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Table 8 is a compilation of heating, cooling, and total process values 
of experimental process times for vegetables in the various containers. 

TABLE 8.^—Heating and cooling data and sterilizing values of processes at 24-0° F. 
for vegetables in various containers 

Product 

Containers 

Kind Num- 
ber 

Proc- 
ess 

time 

Pack- 
ing or 
seal- 
ing 

tem- 
pera- 
ture! 

Initial 
tem- 
pera- 
ture 

Process values 

Heat- 
ing 

Cool- 
ing Total 

Asparagus. 

Beans, lima. 

Beans, snap.. 

Beets. 

Carrots. 

Corn, cream-style 

Corn, whole-grain. 

Okra, sliced.. 

Okra, whole- 

Peas._I  

Pint jars... 

Quart jars.. 
No, 2 cans.. 
No. 2yi cans.. 

Pint jars  

Quart jars... 
No. 2 cans... 
No. 23^ cans. 

Pint jars..._ 

Quart jars... 
No. 2 cans... 
No. 2Vi cans. 

Pint jars  

Quart jars... 
No. 2 cans... 
No. 2H cans. 

Pint jars  

Quart jars... 
No. 2 cans... 
No. 2H cans- 

Pint jars  

No. 2 cans... 

Pint jars  

Quart jars. __ 
No. 2 cans... 
No. 23^ cans. 

Pint jars  

Quart jars.__ 
No. 2 cans... 
No. 2H cans. 

Pint jars  

Pint jars  

Quart jars.... 
No. 2 cans... 
No. 2K cans. 

Min- 
utes 

7 
14 
30 
75 
15 
15 

7 
15 
25 
50 
30 
30 

7 
13 
20 
40 
36 
46 

5 
10 
15 
30 
80 
30 
40 

°F. 

143 
143 
180 
184 

154 
169 
186 
188 

154 
166 
183 
183 

110 
178 
180 

163 
176 
181 
181 

167 
182 

164 

169 
185 
177 

126 
118 
187 
182 

164 

184 
189 
185 

217 
212 
226 
201 
234 
235 

227 
226 
227 
213 
234 
234 

219 
223 
220 
232 
227 

214 
212 
219 
218 
199 
225 
222 

212 
216 
221 
215 
232 

' 231 

192 
181 
193 

214 
212 
214 
218 
202 
218 
214 

217 
215 
215 
201 
223 
221 

219 
219 

224 
220 
222 
213 
234 
234 

FH 
0.4 
1.1 
5.8 

12.2 
4.2 
4.5 

1.0 
2.6 
5.2 
8.9 
8.1 
7.9 

.1 
1.2 
3.6 
8.3 
9.7 

11.5 

.2 

.5 
1.6 
4.2 

13.7 
6.5 
8:6 

.2 

.5 
2.0 
7.6 
8.2 

15.8 

7.1 
8.6 
9.5 

2.0 
3.2 
5.7 
9.4 

13.1 
IT.O 
13.2 

.2 

.6 
2.0 
5.6 
3.7 
6.0 

2.4 
4.4 
5.5 
5.1/ 
5.6 
4.1 

Fc 
1.9 
3.1 
3.5 
3.6 
1.0 

2.7 
3.2 
4.1 
4.4 
1.0 
1.1 

1.6 
2.7 
3.5 
2.7 

1.9 
2.2 
3.8 
4.5 
5.2 
1.3 
1.4 

1.9 
2.5 
3.5 
3.9 

5.7 
7.3 
1.8 

3.5 
4.6 
5.2 
5.6 
5.7 
1.5 
1.6 

2.1 
2.9 
4.5 
5.4 
1.5 
1.4 

2.2 
2.5 

4.9 
3.1 
3.0 

Fo 
2.3 
4.2 
9.3 

15.8 
5.2 
5.4 

3.7 
5.8 
9.3 

13.3 
9.1 
9.0 

1.7 
3.9 
7.1 

11.0 
10.5 
12.2 

2.1 
2.7 
5.4 
8.7 

18.9 
7.8 

10.0 

2.1 
3.0 
5.5 

11.5 
9.0 

16.5 

12.8 
15.9 
11.3 

5.5 
7.8 

10.9 
15.0 
18.8 
12.5 
14.8 

2.3 
3.5 
6.5 

11.0 
5.2 
7.4 

2.5 
3.2 

7.3 
7.5 
8.5 
9.0 
6.7 
5.0 
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TABLE S.—Heating and cooling data and sterilizing values of processes at 2^0^ F, 
for vegetables in various containers—Continued 

Containers 

Proc- 
ess 

time 

Pack- 
ing or 
seal- 
ing 

tem- 
pera- 
ture! 

Initial 
tem- 
pera- 
ture 

Process values 

Product 

Kind 
Num- 

ber 
Heat- 
ing 

Cool- 
ing Total 

Stand- 
ard 

devi- 
ation 

Pumpkin, cubed  

Pumpkin, mashed-- 

Spinach 

Pint^ars  

Quart jars  
No. 2 cans  
No. 2\^ cans .. 

Pint jars  

Quart jars  
No. 2 cans  
No. 2y¿ cans.-- 

Pint jars  

Quart jars  
No. 2 cans  
No. 2\<2, cans ._ 

Pint jars  

Quart jars  
No. 2 cans  
No. 2\^ cans __ 

Pint jars  

Quart jars  
No. 2 cans  
No. 2\^ cans .. 

Pint jars  

Quart jars  
No. 2 cans  
No. 2\ii cans _ 

Í        9 
8 

12 
10 
12 
12 

Í        9 
\         6 
I       10 

8 
12 
12 

f       13 
8 

i         7 
8 

i       20 
13 
12 
12 

1 .• 
10 
12 
12 

II 
11 
12 
12 

9 
1         9 
1       12 

12 
12 
12 

Min- 
utes 

20 
30 
50 

105 
40 
80 

30 
40 
60 
75 
85 
95 

25 
30 
35 
38 
65 
85 
80 

105 

10 
15 
20 
50 
10 
20 

30 
40 
60 
90 

110 
90 

100 

25 
35 
45 
85 
60 
75 

°F. 

"'""Í68' 
186 
191 

""Í65' 
159 
197 
183 

""""Í70" 
174 
176 
171 

""Í68" 
165 
177 
173 

"""'Í55' 
138 
186 
172 

""""Í25" 
131 
172 
178 

°F. 
198 
200 
193 
198 
216 
208 

195 
188 
189 
189 
198 
192 

186 
184 
188 
188 
186 
189 
204 
196 

208 
210 
207 
208 
235 
234 

188 
184 
183 
183 
167 
195 
191 

193 
189 
174 
172 
210 
201 

FH 
0.8 
1.5 
4.3 

17.0 
6.3 

13.9 

1.3 
1.0 
3.4 
6.3 

10.4 
8.2 

.3 

.5 
1.0 
1.3 
6.5 
8.8 

12.9 
16.6 

.3 

.8 
1.2 
8.1 
2.9 
5.7 

.5 
1.1 
4.0 

10.4 
12.5 
11.0 
12.1 

.6 

.9 
1.1 
6.8 
9.0 
9.1 

Fc 
2.2 
3.1 
4.3 
5.4 
1.0 
1.3 

2.0 
2.6 
4.6 
3.4 
1.8 
1.4 

1.8 
2.0 
3.4 
3.7 
5.8 
4.3 
1.7 
1.4 

1.9 
2.7 
4.3 
3.7 
1.1 
1.2 

2.9 
3.8 
5.1 
7.7 
5.2 
2.1 
1.0 

1.8 
3.6 
4.6 
6.6 
1.9 
1.6 

Fo 
3.0 
4.6 
8.6 

22.4 
7.3 

15.2 

3.3 
3.6 
8.0 
9.7 

12.2 
9.6 

2.1 
2.5 
4.4 
5.0 

12.3 
33.1 
14.6 
18.0 

2.2 
3.5 
5.5 

11.8 
4.0 
6.9 

3.4 
4.9 
9.1 

18.1 
17.7 
13.1 
13.1 

2.4 
4.4 
5.7 

13.4 
10.9 
10.7 

1.48 
1.48 
1.62 
4.15 
1.78 
3.68 

1.60 
.28 

1.32 
2.68 
1.52 
1.15 

.59 

.42 

.77 

Squash, summer  

Sweetpotatoes, dry 
pack. 

Sweetpotatoes, wet 
pack. 

.88 
2.01 
1.50 
1.26 
2.43 

.82 
1.41 
1.13 
1.10 
.46 
.79 

1.18 
.83 

1.54 
1.51 
2.85 
1.96 
3.19 

1.30 
.53 
.98 

3.61 
3.08 
3.70 

1 Packing temperature of glass jars; sealing temperature of tins. 

For asparagus, beans, beets, carrots, okra, pumpkin, spinach, 
squash, and sweetpotatoes, process times were chosen to yield FQ 
values of .5.0. This value was chosen as being adequate for those 
products on the basis of the inoculated-pack results (table 7).. The 
inoculated-pack results indicated that the test organism is more 
resistant in lima beans, corn, and peas than in neutral phosphate. 
For this reason, process times for those products were chosen to yield 
F o values, as given in table 9, which were considered adequate on the 
basis of the inoculated-pack data. The data for process value-process 
time relationships as shown by the line of regression, the coefficient 
of regression, and the standard error of estimate for each product are 
summarized in that table. Calculated process times and recom- 
mended process times are included. 
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TABLE 9.—Regression equation and standard error of estimate of regression of process 
value on process time; calculated and recommended process times for vegetables in 
various containers processed at 24-0° F. 

Product Container 

Regression equation Yr=a-{-bx 

Standard 
error of 
estimate 

Process 
value 

Calculated 
processing 

time at 
240 °F. 

Recom- 
mended 

processing 
time at 
240 °F. 

Asparagus. 

Beans, lima. 

Beans, snap.. 

Beets- 

Carrots_ 

Corn, cream-style- 

Com, whole-grain.-- 

Okra- 

Peas. 

Pumpkin, cubed- 

Pumpkin, mashed „ 

Spinach.. 

Squash, summer. 

Sweetpotatoes,    dry 
pack. 

Sweetpotatoes,    wet 
pack. 

Pint jars  
Quart jars... 
No. 2cans-_. 
No. 2^/^ cans.. 

(Pint jars  
Quart jars.... 
No. 2 cans... 
No. 21'^ cans.. 

Pint jars  
Quart jars  
No. 2cans--. 
,No.2^icans-. 

(Pint jars  
Quart jars... 
No. 2 cans... 
No. 21/2 cans- 

(Pint jars---- 
Quart jars  
No. 2cans-_. 
No. 2^ cans.. 

("Pint jars  
INo. 2 cans... 

(Pint jars  
Quart jars  
No. 2 cans... 
No. 21^ cans.. 

[Pint jars  
Quart jars  

.No. 2 cans  
[No. 2M cans.. 

Tint jars  
, Quart jars  
I No. 2 cans__. 
,No.2Mcans-. 

,'Pint jars  
I Quart jars  
[No. 2 cans... 
[No. 2li cans.. 

Pint jars  
Quart jars  

iNo. 2 cans--- 
'No. 2K cans.. 

[Pint jars  
I Quart jars  
[No. 2 cans... 
[No.2)/^cans-- 

[Pint jars  
[Quart jars  
No. 2 cans  
.No. 2K cans.. 

[Pint jars  
Quart jars  

I No. 2 cans..- 
[No.2Mcans-- 

Pint jars  
Quart jars  
No. 2 cans.... 
,No. 2Hcans-- 

H-0.172 
-5. 575 
+.839 

+1. 246 

-1-1.100 
-1. 663 

H-. 805 
+. 687 

-1.149 
-. 493 
-f-. 549 
-.341 

-f.884 
-4.913 
-.227 

-1. 272 

-.344 
-1. 671 
+.780 
+.684 

-14.042 
-10. 766 

-2.922 
-6.171 
-1. 294 
-1.715 

-.615 
-4.042 
-.899 
-1.604 

-.410 
-1.960 
+1.108 
+. 884 

-3. 686 
-12.167 
-2. 382 
-5. 664 

-6. 494 
-11. 694 
-12.606 
-17.359 

-5.832 
-13.140 
-6. 311 
-4. 294 

-. 740 
-3. 539 
+1.173 
+1.306 

-6. 857 
-15.928 
-11. 826 
-11. 444 

-2. 473 
-15. 791 
-5. 752 
-7. 558 

0.305 
.282 
.293 
.273 

.314 

.297 

.278 

.277 

.290 

.276 

.275 

.275 

.286 

.267 

.281 

.383 

.342 

.277 

.249 

.375 

.276 

.356 

.311 

.276 

.275 

.353 

.333 

.307 

.300 

.327 

.313 

.278 

.278 

.243 

.329 

.242 

.261 

.284 

.291 

.282 

.287 

.307 

.253 

.184 

.305 

.306 

.278 

.278 

.263 

.306 

.277 

.245 

.179 

.343 

.278 

.244 

0.896 
1.708 
.388 
.359 

.662 
2.285 
.659 
.578 

.841 

.809 

.744 

.939 
2. 268 
.823 
.853 

.793 

.466 

.406 

1.594 
1.731 

1.291 
2.569 
1.030 

.904 
1.415 
.580 

1.622 

1.356 
.820 
.394 
.331 

1.597 
4.530 
1.516 
3.211 

1.079 
2.255 
1.721 
.912 

.680 
1.439 
1.314 
1.805 

1.036 
1.085 
.457 
.771 

1.857 
3.115 
1.862 
2.639 

.912 
3.674 
3.059 
3.294 

Fo 
5.0 
5.0 
5.0 
5.0 

9.3 
9.3 
9.3 
9.3 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

12.8 
12.8 

12.8 
12.8 
12.8 
12.8 

5.0 
5.0 
5.0 
5.0 

8.5 
8.5 
8.5 
8.5 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

5.0 
5.0 
5.0 
5.0 

Minutes 
23 
53 
18 
17 

32 
57 
37 
37 

20 
26 
23 
29 

24 
55 
28 
30 

19 
25 
20 
22 

83 
102 

54 
82 
61 
61 

23 
38 
24 
36 

Minutes 
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DISCUSSION 

Processes for canned foods are adequate when every particle of 
food within the container has been raised to a lethal temperature and 
held at that temperature for a sufiicient length of time to kill the 
most resistant spoilage organism present. As pointed out in the 
introduction, it is possible to calculate thermal processes for canned 
foods which are just adequate to destroy any known spoilage organism. 
Such computations are predicated upon accurate definitions of the 
thermal-death time and slope of the thermal-death-time curve of the 
organism in question, and upon the number of individuals present, 
i. e., the bacterial load. Of the two types of information required 
for such, process calculations, heat-penetration data can be obtained 
under rigorously controlled conditions and the various factors affect- 
ing it can be defined with considerable accuracy. The bacteriological 
data required cannot, at present, be described with equal precision 
and thus they introduce incompletely defined constants into process 
computations. Because of this lack of basic data, it becomes neces- 
sary to select from available information, bacterial load and thermal- 
death-time data which err, if at all, in the direction of yielding proc- 
esses which are longer than necessary. 

For medium- and low-acid foods which are subject to spoilage by 
toxin-producing Cl. botulinum, processes, to be safe, must be at least 
adequate to destroy the spores of that organism. Previously cited 
work of Esty and Meyer (14) with spore suspensions in phosphate 
buffer at pH=:7.0 defined the ideal thermal-death-time curve of CL 
botulinum with F and 2 values of 2.78 and 18, respectively. Subse- 
quent investigations have, in general, tended to confirm these values 
with minor corrections. In other media such as foods, however, z 
values may vary several degrees on either side of the ideal. Town- 
send, Esty, and Baselt (30) have, for example, reported z values 
ranging from 13.4 to 15.6 for the thermal-death-time curves of CL 
botulinum in four food media. Such differences will introduce con- 
siderable variation into FQ values derived from process calculations. 
Nevertheless, it has been customary, except where definitely contra- 
indicated, to use z=lS for process calculations, and in the absence of 
sufficient more reliable information, that value has been used here. 

When each of a number of Fo values are computed for a given 
product from independent heat-penetration measurements, it may 
be expected that these values will be randomly distributed about the 
mean. Since the mean Fo will be greater than the minimum value 
observed, the difference depending upon the distribution of the data, 
it is evident that choice of processes based on mean Fo values would 
frequently lead to the derivation of inadequate processes. 

The lowest process value experimentally obtained could, with some 
reason, be chosen as the lower limit below which spoilage might be 
expected. When the sample of Fo values available is limited to 12 
to 20 items, it is very probable that a larger sample would yield 
values below the lowest observed. Thus, it is necessary to choose a 
safe process represented by an Fo value which the data indicate will 
be attained or exceeded by almost all of the containers processed. 
For the processes computed here, that lower limit has been chosen as 
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' the process value represented by an Fo which is 2.6 times the standard 
error of estimate below the mean observed Fo. Assuming normal 
distribution of observed Fo values, expected values would not fall 
below that limit more than once among each 200 containers of food 
processed. 

The above outlined choice of a lower limit for process values which 
on the surface allows for over-all spoilage of 0.5 percent would be 
highly questionable in the absence of other safety factors. The 
more significant of these factors are the heat resistance of the test 
organism and the technique of the inoculated-pack checks on cal- 
culated processes. 

While information is very limited, there is good reason to believe 
that the spores of the test organism, putrefactive anaerobe No. 3679, 
are of definitely greater resistance than those of commonly encoun- 
tered soil forms which might cause spoilage. Conn {9) noted that 
soil suspensions heated at 85° C. for 15 to 20 minutes gave spore 
counts averaging approximately 50 percent of counts made after 
heating suspensions at 75° for the same periods of time. These re- 
sults indicate a low order of heat resistance for the spores of many 
soil forms. Tischer and Esselen {29) reported thermal-death times 
of four organisms isolated from spoiled low-acid foods. All had F 
values below that of No. 3679 in phosphate buffer at pH 7.0 and in 
two foods. 

That the test organism in the concentration used exhibits greater 
resistance than is characteristic of normal contamination is also 
shown by the results reported here. Of a total of 653 control jars of 
meats and vegetables processed as part of the inoculated packs, only 
1 jar spoiled, even after short processes which permitted gross to 100 
percent spoilage of inoculated jars (tables 4 and 7). 

In addition, the number of spores used for inoculated packs was 
somewhat in excess of the normally expected natural spore load. The 
choice of inoculum and its concentration by placement at the slowest 
heating point of the container, thus insuring maximum probability 
of survival, constitute additional safety factors. 

Processes recommended on the basis of these investigatiojns are 
presented in table 10 along with those previously recommended by 
the United States Department of Agriculture and by commercial 
processors. In every instance processes for vegetables in pints are 
shorter than those previously recommended. For quarts, however, 
the data obtained have led to the derivation of longer processes in a 
few instances and over-all process reductions have not been as great 
as for pints. This is probably related directly to packing; and process- 
ing techniques. The data of table 8 show that the initial tempera- 
tures of quart packs were generally below those of pints. The effect 
of lower and more variable temperatures and other factors affecting 
processes in quart and pint containers are illustrated by the data of 
table 9. For a majority of the vegetables, the standard error of 
estimate of observed F o values was considerably higher with quarts 
than with pints. Lower initial temperatures and larger error esti- 
mates both lead to the derivation of longer processes by the applied 
procedure. 
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TABLE 10.—Process times at 2^0° F. for vegetables: Recommended from the reported 
data, previously recommended by United States Department of Agriculture, and by 
commercial processors 

Product Container 

Process time at 240° F. 

Recom- 
mended 

from data 

Previous 
United 
States 

Depart- 
ment of 
Agricul- 

ture 1 

Commer- 
cial 

Asparagus.. 

Beans, lima- 

Beans, snap- 

Carrots : — 

Corn, cream-style-. 

Corn, whole-grain 

Okra.. 

Peas. 

Pumpkin, cubed_. 

Pumpkin, mashed. 

Spinach. 

Squash, summer. 

Sweetpotatocs, dry pack. 

Sweetpotatoes, wet pack. 

Pint jars  
Quart jars  
No. 2 cans  
No. 2\4 cans-- 

Pint jars  
Quart jars  
No. 2 cans  
No. 2H cans-- 

Pint jars  
Quart jars  
No. 2 cans  
No. 2}4 cans.. 

[Pint jars  
[Quart jars  
I No. 2 cans  
[No. 2}4 cans.. 

Pint jars  
Quart jars  
No. 2 cans  
No. 2}4 cans.. 

("Pint jars  
\No. 2 cans  

Pint jars.-... 
Quart jars  
No. 2 cans  
No. 2K cans.. 

Pint jars  
Quart jars  
No. 2 cans  
No. 2H cans.. 

Pint jars  
Quart jars  
No. 2 cans  
No. 2}4 cans.. 

Pint jars  
Quart jars  
No. 2 cans  
No. 214 cans- 

Pintjars  
Quart jars  
No. 2 cans  
No. 2^ cans__ 

Pint jars  
Quart jars  
No. 2 cans  
No. 2yi cans.. 

Pint jars  
Quart jars  
No. 2 cans  
No 2H cans.. 

Pint jars  
Quart jars  
No. 2 cans  
No. 2}4 cans-- 

Pint jars  
Quart jars  
No. 2 cans  
No. 2V^ cans. 

Minutes 
25 
55 
20 
20 

35 
60 
40 
40 

20 
25 
25 
30 

25 
55 
30 
30 

20 
25 
20 
25 

85 
105 

55 
85 
60 
60 

25 
40 
25 
35 

40 
40 
30 
30 
55 
90 
50 
75 

60 
80 
75 
90 

45 
70 
60 
75 

30 
40 
20 
20 
65 
95 
80 
95 

55 
90 
75 
90 

Minutes 
*35 

Minutes 

*40 
25 
26 

*45 
*55 
40 

3 50 
35 

*30 
♦40 
30 20 

25 

*40 
*45 
30 

3 30 

*40 

30 
30 

*45 
30 
30 

30 
30 

490 

*65 
*75 
50 

3 65 
60 

*35 
*40 
25 

3 30 
17 

*45 

40 36 

*85 
®105 

*70 
*96 

*95 
*105 

*85 
*105 

*85 
4 95 

*100 
*110 
95 

3 115   
1 Processes marked by * are from AWI-93, others from Farmers' Bulletin 1762, United States Department 

of Agriculture. 
2 Processes from bulletin 26-L, National Canners Association. 
3 No. 3 cans. 
4 Closing temperature specified as 180° F. , 
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Differences between processes recommended for glass and tin con- 
tainers are not as great as, and frequently not in the direction, antici- 
pated. General considerations would indicate shorter processes for 
foods in glass under home-canning conditions than in tin containers 
of similar capacity. Since glass containers must cool slowly, the 
cooling period may be expected to contribute substantially more to 
the lethal value of the process than when tins are used and the tem- 
perature is reduced rapidly. This is illustrated by the data of table 8 
which show that for vegetables processed in pint jars the process 
value of the cooling period averaged 50 percent of the total process 
value as compared with 15 percent for processes in No. 2 tins. Simi- 
larly, for quart jars and No. 2^ tins, the Fo values as percentages 
of Fo averaged 36 and 11 percent, respectively. In contrast to the 
results expected on the above basis, comparison of the pint jar and 
No. 2 tin processes recommended (table 10) shows that in 6 of 15 
instances, processes for pints are equal to or greater than those rec- 
ommended for No. 2 tins. Only three processes for quarts are shorter 
than those recommended for the same products in No. 2^ tins. This 
failure of the longer cooling period for foods processed in glass to be 
reflected in generally shortened process times must be related to initial 
temperatures. 

In tin containers which were exhausted and sealed at 170° F. or 
above, the initial temperatures were generally higher than with glass 
containers of similar capacity which were packed hot and processed 
without exhausting (table 8). These higher initial temperatures 
could account for the generally lower error estimates of observed Fo 
values obtained from processes using tin containers (table 9). Thus, 
with the experimental procedures used, the higher and more uniform 
initial temperature of tin packs tended to balance the increased process 
values resulting from slow cooling of glass packs. 

With the exceptions noted, the processes recommended have been 
designed to yield Fo values of 5.0 or higher on the assumption that 
thermal-death-time curves of spoilage organisms to be destroyed have 
slopes of z= 18. With greater z values, the chosen process value would 
be attained in shorter processing times. Lesser z values would yield 
correspondingly longer processes. As has been noted, information 
is available which shows that the thermal-death times and slopes of 
thermal-death-time curves of CL hotulinum and other spoilage organ- 
isms vary with the media in which the organisms are heated. Be- 
cause of this variation, processes which are adequate without being 
excessive must ultimately be based upon data regarding the thermal 
characteristics of spoilage organisms in each product for which a 
process is to be established. Sufficient information of this nature is 
not available at present, and processes must be based largely upon 
phosphate-buffer, thermal-death-time data. 

The reported data indicate that processes based on inoculated packs 
with putrefactive anaerobe No. 3679 are more severe than necessary 
to destroy the natural spore load normally present on vegetables and 
meats as prepared for home canning. They provide evidence for sus- 
pecting that home-canning-process times may be safely based on lower 
sterilizing values than are considered necessary in commercial canning. 
Much additional information is necessary, however, before that 
question can be properly evaluated.   Absenbe of adequate data on 
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normal spore loads and the resistance of spoilage organisms in different 
food media make it necessary to choose processes which are probably 
excessive in many instances. Further reductions may be justified 
when sufficient experimental data are obtained which will'define more 
precisely the heat resistance and slopes of thermal-death-time curves 
of spoilage organisms in various food media. 
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APPENDIX 

METHODS USED FOR PREPARING, PRECOOKING, AND PACKING 
VEGETABLES AND MEATS INTO CONTAINERS 

' LOW-ACID VEGETABLES 

Asparagus.—Only the tender part of asparagus stalks was used. The scales 
were trimmed from the stalks to eliminate sand. The stalks were cut into 
inch pieces, covered with boiling water, and boiled 3 minutes. Asparagus was 
packed hot and covered with hot cooking liquid. 

Beans, lima.—Fresh young, tender beans were shelled, covered with boiling 
water, and brought to a boil. They were packed hot, covered with fresh boiling 
water. 

Beans, snap.—Beans were cut into inch pieces, covered with boiling water, 
and boiled 5 minutes. They were packed hot and covered with hot cooking 
liquid. 

Beets.—Beets were sorted and prepared separately according to size. Tops 
were trimmed off, leaving 1 inch of stem. Baby beets were boiled 15 minutes, 
medium size 20 minutes, and large beets 25 minutes, to loosen their skins. 
After being skinned and trimmed, baby beets were packed hot and covered with 
fresh boiling water. All other beets were cut into }^-inch slices, halved or 
quartered for uniformity. They were packed hot and covered with fresh boiling 
water. 

Carrots.—Carrots were cut lengthwise in quarters or smaller, depending on 
the size, and then cut crosswise into H-inch pieces. The pieces were covered 
with boiling water and precooked 5 minutes, packed hot, and covered with the 
hot cooking liquid. 

Corn, cream-style.—Corn was cut from the cob at about the center of the 
kernel, and the cob scraped. Boiling water ^A^as added in the proportion of 1 
pint of water to 2 pints of corn. The mixture was brought to a boil and packed 
hot.    No extra liquid was added. 

Corn, whole-grain.—Corn was cut from the cob as close as possible without 
including bits of the cob. Boiling water was added in the proportion of 1 pint 
of water to 2 pints of cut corn. The mixture was brought to boiling and packed 
hot.    No extra liquid was added. 

Okra.—Only tender pods of okra were used. The trimmed pods were 
blanched for 1 minute in boiling water and packed whole or cut into 1-inch pieces 
and then packed. Fresh boiling water was used to cover the vegetables in the 
container. 

Peas.—Shelled green peas were covered with boiling water and brought to a 
boil.    They were packed hot and covered with fresh boiling water. 

Pumpkin, diced.—Pumpkin was peeled and cut into 1-inch cubes. Three 
quarts of pumpkin to 1 quart boiling water were brought to a boil. The diced 
pumpkin was packed hot and covered with hot cooking liquid. 

Pumpkin, mashed.—Pumpkin was peeled and cut into 1-inch cubes. " It 
was steamed until tender and pressed through a food mill. The strained mixture 
was heated to 190° F. and packed hot with no salt and no added liquid. 

Spinach.—Tough stems and midribs were cut out of freshly picked, tender 
spinach. About 2}^ pounds of trimmed, thoroughly washed greens were placed 
in a cheesecloth bag and steamed in a large, closed vessel for about 10 minutes 
or until well wilted. They were packed hot, loosely, and covered with boiling 
water. 

Squash, summer.—Half-inch slices of summer squash, halved or quartered 
for uniformity of size, were covered with boiling water, brought to a boil, packed 
hot, and covered with the hot cooking liquid. 

Sweetpotatoes, dry pack.—Sweetpotatoes were sorted according to size and 
steamed separately, 20 minutes for small ones, 25 minutes for the medium size, 
and 30 minutes for large sweetpotatoes. They were peeled, cut into lengthwise 
pieces, and packed. Sweetpotatoes were packed solid with no liquid and no 
salt added. 

Sweetpotatoes, wet pack.—Above directions were followed to the point of 
packing pieces in jars.    Boiling water was used to cover the vegetable. 
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MEATS 

Pork.—Lean pork was cut from the bones, trimmed of excess fat, cut into 
chunks, and precooked until medium done in broth made from the bones. 

Quart glass jars were packed with meat, care being taken to place a chunk of 
meat so- that its center would be just below the center of the jar. The method 
of procedure for pint jars of pork loin was the same as for quart jars. 

For canning pork loin in No. 2 and No. 3 tin cans, the raw, trimmed loin was 
cut into chunks approximately the height of the can. The meat was packed 
solid, level with the top of the can, with the grain of the meat running vertically. 
The cans were exhausted in boiling water to a depth of within 2 inches of the 
tops of the cans until the temperature of the chunk of meat at the center of the 
can was 170° F. Enough juice was released by the meat to fill the can. Any 
loss of liquid in exhausting was replaced with boiling water just before the can 
was sealed. 

Beef.—Beef was canned in quart jars using the same technique as described 
for pork. 

Chicken.—Chicken with part of the bone removed was canned in quart jars. 
The meat was removed from the breastbone. The meaty pieces—thighs, second 
wing joints, and wishbone—were packed with the bone. The drumsticks were 
cut off short. The packing was such that a half breast occupied the center of 
each jar. Chicken precooked in broth was packed hot; raw packs were exhausted 
before processing. 

Boned chicken was prepared both by cutting the raw meat from the bones, 
and by removing the meat from the bones after it had been precooked in broth. 
Only the meaty pieces were used. • 
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